The structural, electronic, and magnetic properties of FeCo alloys were studied by first-principles calculations. It has been found that the alloys prefer chemically noncubic geometries in a wide composition range. This produces appreciable uniaxial magnetic anisotropy, which facilitates interphase magnetic interaction and enhances the overall magnetization in exchange-coupled nanocomposite systems. Large magnetostrictive coefficients provide another venue for manipulations of magnetic anisotropy energies.
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Exchange-coupled systems with soft and hard magnets based on the exchange-spring mechanism have been extensively studied to attain high maximum energy product values, ͑BH͒ m . 1 As demonstrated in magnetic composites and magnetic thin films, ͑BH͒ m can be significantly enhanced by combining high saturation magnetization of soft magnetic phases and high anisotropy of hard magnetic phases. However, the integration of soft magnetic materials is often limited by the thickness of the soft phase for effective exchange coupling between the hard and soft phases. It has been shown that the replacement of a soft phase ͑K 1 =0͒ by a suitably aligned semihard phase ͑0 Ͻ K 1 Ͻ K h ͒ is beneficial in permanent-magnet nanostructuring 2-4 but the challenge is to find semihard materials that combine moderate anisotropy with a high magnetization. Traditional Fe 1−x Co x alloys are ideal candidates for hard-soft nanostructuring 5, 6 because they have a very high magnetization in a wide range of Fe-rich compositions. However, their anisotropy is typically very low ͑K s ϳ 0͒ or its development requires a huge and difficultto-realize tetragonal strain c / a ϳ 1.2. 7, 8 For the rational design of optimal exchange-coupled magnetic materials, it is essential to study the magnetic anisotropy and magnetostriction of Fe 1−x Co x alloys in a broad composition range.
In this paper, we report results of systematic density functional studies of structural and magnetic properties of Fe 1−x Co x alloys in the Fe-rich stoichiometry. It is interesting that they adopt noncubic structures in 0.18Ͻ x Ͻ 0.31. The magnetostrictive coefficients 001 and 111 are sizeable for the stoichiometric B2 FeCo alloy. As a result, Fe 1−x Co x alloys possess appreciable magnetic anisotropy energies.
We used both the Vienna ab initio simulation package ͑VASP͒ ͑Ref. 9͒ and the full potential linearized augmented plane wave ͑FLAPW͒ methods 10 to solve the density functional Kohn-Sham equations. The spin-polarized generalized gradient approximation was adopted for the description of exchange-correlation interactions among electrons. 11 In the VASP calculations, the projector augmented wave method 12 was used to represent the effects of ions and core electrons. The all electron FLAPW method was adopted for the determination of the magnetic moment, magnetocrystalline anisotropy energy, E MCA , and magnetostrictive coefficients 100 and 111 . The core electrons are treated fully relativistically, while the spin-orbit coupling term was invoked second variationally for the valence states. 13 We placed Fe and Co atoms in the bcc and hcp lattices in a 16-atom supercell and calculated total energies of all nonequivalent distribution configurations. The lattice sizes and atomic positions were optimized according to the energy minimization procedures. To quantitatively describe the composition dependence of structural stability of FeCo alloys, we define their formation energies as Fig. 2 . Obviously, the major difference occurs in −1.8ϳ −1.0 eV and +1.5ϳ + 2.0 eV, mostly on the Co sites. Corresponding to the large magnetic moments, the majority spin bands are fully occupied for both Co and Fe. The difference in DOS around the Fermi level is very small. However, the blip in the minority spin channel for the DO 3 structure appears to be higher than that of the L6 0 structure, which might be a cause for the slight instability of the former phase.
As listed in Table I , the average magnetic moment varies in a small range for different compositions and appears to maximize at m / n =3/ 1-4/ 1. More explicitly for Fe 12 Co 4 in the L6 0 structure, the magnetic moment in Co is 1.80 B , while those for two types of Fe atoms are 2.38 B ͑coplanar to Co͒ and 2.63 B ͑in the pure Fe plane͒. Obviously, the reduction in magnetization by the presence of Co is excessively compensated by the strong enhancement of Fe magnetic moments. In addition, Fe and Co also contribute orbital magnetic moments in the size of 0.21-0.22 B /cell. The preference of noncubic structures has an important consequence: the production of uniaxial magnetocrystalline anisotropy energy ͑MAE͒. Through the torque approach, 16 we found that the results of uniaxial MAE are large for Fe 11 Co 5 and Fe 12 Co 4 but remain small for Fe 13 Co 3 . Clearly, sizeable MAE can be attained in small grains or thin films that comprise pure noncubic phases.
The other source that may lead to sizeable magnetic anisotropy energy is the magnetoelastic interaction. Here, we applied strains along the ͑001͒ and ͑111͒ axes of the stoichiometric B2-Fe 0.5 Co 0.5 and adjusted the lattice constants in the perpendicular plane according to the constant-volume distortion mode. To take the effect of thermal expansion into account, we also investigated its properties under a 3% lattice expansion. As shown in Fig. 3 , the total energies and uniaxial magnetic anisotropy energies can be fitted by smooth functions of lattice strain, indicating the accuracy of our calculations. The calculated 001 and 111 reasonably agree with the experimental data 17 ͑Table II͒, considering the fact that the atomic arrangement in the sample is more complex. Both 001 and 111 are large, especially under thermal expansions. This provides an effective venue for manipulation of MAE in FeCo. Finally, giant MAE ͑a few hundreds of eV͒ can be obtained if the lattice distortion is extended to the 10%-20% range. 18 In summary, the structural, electronic, and magnetic properties of Fe 1−x Co x alloys have been studied by firstprinciples methods. It is found that only the bcc lattice is thermodynamically stable for x Ͻ 0.5. These alloys prefer chemically noncubic geometries in a wide composition range 
